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Riobamba, Peru
Since people first began attempting to manipulate rivers to increase the benefits they could
gain there have been two distinct management approaches. They can be described broadly
as  resistance  and resilience.  One involves  working to  control  rivers  and the  other  as
working with rivers. The benefits of the former are usually more immediate and larger than
are those of the latter. In the second case benefits are not only longer in coming they are
also more diffuse and harder to identify.
The particular benefit  of  the resilience approach,  as opposed to resistance,  is  a  much
reduced risk of catastrophic system collapse. But the factors that need to come together to
create such a negative crisis are hard to predict in totality and may never eventuate at all.
Given that, it is not surprising that when offered the choice most societies opt for the more
obvious benefits of resistance.
That has been the dominant theme of water management over the past two centuries ever
since the Industrial Revolution first began to create the enormous potential to build dams,
transfer large volumes of water and block floods. Increasingly, however, in some parts of
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the world the theory and practice of river management is coming to favour resilience.
Consequences of river regulation
Resistance involves regulation, taming, harnessing, controlling, conquering and dominating
rivers. The result has been thousands of large dams and many inter and cross basin transfer
projects. This has provided great economic and social rewards for many people particularly
those with strong links to the formal economy and in urban centres where half the world’s
population now live. For a high proportion of people in these sectors water is something that
consistently comes out of a tap or a pipeline and does not have to be thought about. Like a
reliable  food  supply  its  availability  can  be  assumed  allowing  them to  focus  on  more
interesting concerns.
In their  pre-development condition large rivers have enormous capacity  to absorb and
redistribute different types of stresses. By contrast, a river system that has been thoroughly
developed and regulated – as is now the case with most large river systems – has a much
reduced capacity to absorb stress whether it be caused by pollution, unseasonal flow, water
extraction, drought or flood. Modification and regulation are often combined with increased
extraction and reduced volume of flow. Reduced volume means less dilution and it has an
immediate impact on water quality. Flow is also central to the process of oxygenating water
which is also important for improving water quality.
Physical modification is usually accompanied by institutional fragmentation because once
such  systems  are  developed  many  different  organisations  soon  become  involved.
Modification also concentrates water during flooding preventing it from flowing to adjoining
low lying areas often created over many thousands of years creating serious vulnerabilities
in the event of river levy collapse. In addition, fish migration is curtailed by the structures
that are put in place.
The physical barriers created by dams are also significant because of their impacts on water
temperature. Water released from the bottom of dams is much colder than would otherwise
be the case and in systems such as the Murray Darling this stops native fish from breeding
for  many kilometres  downstream. Dams are also  much less  productive than floodplain
ecosystems in their capacity to produce high volumes of fish and support bird life. Rive
regulation, often combined with reduced flow from extractions, seasonal changes in the
hydrological  cycle,  and  averaging  out  of  the  volumes  of  flow  frequently  makes  the
interconnections between floodplains and main channels more tenuous. For many fish and
birds this dynamic is central to their breeding relationship with the river.
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Another  issue  that  often  requires  major  management  responses,  is  that  salinity  and
nutrients stored in the catchment over long periods of time before development are often
mobilised into the main river channel  by changes to the patterns by which water has
previously moved through the landscape.
Integrated Water Resource Management
It is now recognised that most of the world’s large rivers in regions with large populations
are seriously over-stressed by development pressures.  Given the destabilization of long
established bio-hydrological processes by such development these rivers now need to be
intensively managed in order to reduce the unintended consequences of regulation. For the
last couple of decades there has been widespread agreement about how rivers should be
better managed and many variants of integrated water resource management have been
adopted in principle.  River management systems need the capacity to:-
Manage across political and institutional borders
Respond expeditiously to crisis
Base policy on good science
Integrate river planning with wider planning processes
Negotiate/adjudicate between competing uses
Achieve compliance
Adapt to novel and emerging issues
Rivers managed according to these goals are likely to be much more resilient but there have
been few examples of thorough going implementation in practice. Not least because river
management reform is almost invariably a new and junior priority in a complex policy
environment already dominated by competing agendas generated by concerns that little to
do with water such as regional and urban development, transport, agriculture and tourism.
In the past the significance of water in that wider policy arena has been poorly recognised
but that is changing with the shift often driven by crisis of various sorts.
River deltas – zones of conflicting pressures
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Dujiang Wiers Hydraulic Project, China
One of the major pressure points is river deltas where rivers meet the sea. From the river
perspective the characteristics  of  the water  flow is  a  summation of  a  vast  number of
activities further up the catchment. On the other side of this clash the factors shaping the
condition of the sea are an even more complex mix. One of the most dramatic examples of
this conflict between rivers and sea occurs along the Netherlands coast where a number of
rivers including the Rhine coming from Switzerland via Germany and France enter the sea.
For centuries the Dutch have aggressively used engineering to push back the North Sea and
contain their rivers with a network of dykes and levees that now protect about sixty per cent
of their population and economy. For example Europe’s largest port, Rotterdam, is well
below sea level, in some parts by as much as five or six metres.
Left to itself this coastal region would be a relatively calm stretch of mud flats (supporting a
small population at a basic level of subsistence). But with the sea held back by dykes and
the rivers contained by levees, forces of enormous power are pushing against the barriers.
Until recently the policy has been that of resistance and involved building ever higher and
stronger dykes. Now that thinking is changing.  During the 1990s a sequence of high floods
caused planners to accept that future floods could overwhelm their barriers not matter how
high and thick they built them. The predicted impacts of climate change caused added
concern. The nightmare scenario that the Dutch fear is a combination of floods down the
rivers combining with storms from the sea and high tides. That combination has broken
through in the past and caused considerable loss of life and widespread destruction. With
climate  change  beginning  to  take  effect  sea  levels  are  rising,  floods  and  storms  are
increasing in intensity and the costs and dangers of the resistance approach are growing.
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The alternative resilience approach accepts the inevitability of larger floods, more intense
storms and higher tides. It focusses on creating a river-landscape able to absorb rather than
resist  water and on building social  capacity to manage periodic flooding with minimal
damage and then bounce back and thrive in the periods of relative calm between crises. The
policy is called making ‘room for the river’. Transition from the resistance approach will be
at substantial economic and social cost, however, and the effort to promote it has caused
considerable controversy. It involves changes all the way along the river not just in the
Netherlands.  Upstream in  Germany and France  low-lying  areas  are  being  restored  as
wetlands and river bends are being put back to slow and absorb floods as they head
downstream. Over the centuries, to improve navigation and gain access to valuable land, the
river  channel  has  been  shortened  and  levees  built  to  contain  its  waters.  This  has
significantly increased the speed of flow. As a result, medium floods delivered to the coast in
shorter time periods, have become high floods and high floods had become even more
dangerous than they used to be.
Public participation – necessary but difficult
Downstream in the Netherlands there have been proposals to designate areas that can be
flooded in an emergency to protect urban areas and key assets. While beneficial for society
as a whole this would be potentially catastrophic for the people directly affected. They have
been vigorous in  their  opposition even though the compensation offered is  apparently
generous. This has resulted in a national debate in the Netherlands about flood policy and
preparations for climate change. It could be said that the government should push through
and ignore such protests but that would be a major mistake. Public support is essential for
major policy changes involving a substantial  shift  in philosophical principles and social
values. Resistance to water is a core part of Dutch culture and a change away from it will
require much debate.
Pressure can only be brought to bear effectively on the people who do not agree if there is
strong overall public support for a new policy. Without that it is easy for opponents to rally
opposition drawing in other disaffected groups in society even though there may be little
connection between their various grievances. That is not the only reason why public support
is important for policy changes, however. Separate from the risk that unpopular policies can
cause governments to loose elections, much more is needed than just acceptance. Some
policies involve simple alternatives that can be easily enforced. Others are only successful if
most people regard the policy as their own. Flood resilience is a good example. In practice it
will involve many situations where individuals and small groups have to exercise their own
initiative. It is not possible to give specific orders for everything that needs to be done in a
wide range of circumstances or to enforce compliance on a reluctant or ignorant population.
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Continual public involvement in policy development, allowing it to develop over time taking
account of community concerns (but avoiding policy capture by key stakeholders) is difficult
but that painful process is unavoidable if a policy is to be owned by society in general and
not just the government of the day.
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